###### Strengths and limitations of this study

-   One of the first, well-designed randomised controlled trial with a substantial sample size studying non-inferiority of non-operative management with operative management of appendicitis in the paediatric population.

-   First study of this type conducted in Australia.

-   A multicentre study.

-   Non-blinded.

-   May include patients without appendicitis, the diagnosis is clinical and left to the treating physician.

Introduction {#s1}
============

Appendicectomy for acute appendicitis is one of the most commonly performed paediatric emergency operations in Australia, accounting for 8.2% of all general paediatric operations performed at a major tertiary paediatric hospital in Sydney in 2009.[@R1] Most appendicectomies are for acute uncomplicated appendicitis (AUA). Standard treatment of management has remained largely unchallenged since its introduction in the late 19th century, largely because of the assumption that AUA progresses to perforation should an operation be withheld.[@R2] However, appendicectomy via laparoscopic or open approach is not without its risks. Postoperative complications following appendicectomy, including wound infection and ileus, have been reported to be between 1.9% and 8.8%.[@R3] [@R4] In addition, 2.8% of patients require further admissions for appendicectomy-related adhesive small bowel obstruction.[@R5] Despite recent improvements on medical imaging techniques, 6--15% of all appendicectomies are performed on patients with histologically normal appendices.[@R6] [@R7]

Non-operative management (NOM) with antibiotics has been increasingly accepted as mainstay therapy for many intra-abdominal infections. Children with appendicitis complicated by perforation, abscess or phlegmon formation can be primarily treated non-operatively with antibiotic therapy, with or without percutaneous drainage.[@R8]

Prospective studies, systematic reviews and meta-analyses have demonstrated that antibiotics are a safe and effective treatment for AUA in adults.[@R11] The Appendicitis Acuta (APPAC) multicentre, open-label, non-inferiority, randomised controlled trial (RCT) in adults reported a significantly lower overall complication rate of 2.8% in the NOM group, compared with 20.5% in patients who received operative management (OM). Importantly, only 7 of 256 patients in the non-operative group had progression to complicated appendicitis during the 1-year follow-up period.[@R19]

There is growing evidence that NOM is also safe and effective in children. Currently, there has been one published randomised pilot study[@R20] and several cohort studies[@R21] that have shown a relatively low risk of complications and subsequent appendicitis following NOM. The pilot RCT is limited by its small sample size and short follow-up period. The other studies, while limited by study design, demonstrated a promising initial treatment success rate of 58--100%, a considerably shortened recovery time, and improved quality of life scores when compared with the OM.[@R20] It is not known how amenable parents and carers will be to the offer of NOM to treat AUA in their child. Authors of previous papers supported the further evaluation of NOM with a well-designed prospective RCT with larger sample sizes and robust randomisation methods, assessing the non-inferiority of NOM in clinically diagnosed children with AUA.

This project is designed as a non-inferiority study to assess the safety and effectiveness of NOM in AUA, with secondary analysis of length of stay, time off work and school, longer term complications and costs. The acceptability and feasibility of offering this alternative treatment will also be assessed.

Study objectives {#s1a}
----------------

The null hypothesis is that NOM of clinically diagnosed likely AUA in children is inferior to OM in terms of safety and efficacy.

The primary objective is to determine the safety and efficacy of non-operative, antibiotic management of clinically diagnosed likely AUA in children.

The secondary objectives are To compare the safety and efficacy of NOM of clinically diagnosed likely AUA with OM in children.To assess the cost-effectiveness of NOM of clinically diagnosed likely AUA against OM in children.To assess the feasibility and acceptability of NOM of appendicitis in children.

Methods and analysis {#s2}
====================

Trial design {#s2a}
------------

The APRES trial is designed as a multicentre prospective, open-label, non-inferiority, RCT with two parallel groups (OM and NOM). Previous studies suggest NOM is potentially as effective as OM, but as there is no suggestion that it is superior, along with the fact that blinding or placebo is not possible or ethical, a non-inferiority design was chosen.[@R33]

Study setting {#s2b}
-------------

To allow a robust non-inferiority design with a constant non-inferiority margin, the baseline negative appendicectomy rate at the trial sites must be similar. The study settings are the two tertiary hospitals in the Sydney Children\'s Hospital network (SCHN): The Children\'s Hospital at Westmead (CHW; site 1) and Sydney Children\'s Hospital, Randwick (SCH; site 2). Each year, the SCHN provides care for ∼92 000 emergency presentations, and ∼600 cases of appendicitis. Both centres report an average negative appendicectomy rate of 10% in their Children\'s Hospitals Australasia Clinical Indicators. These well-resourced hospitals deliver a complex and comprehensive range of care for ill and injured children and adolescents throughout, and beyond the state of New South Wales.

Eligibility criteria {#s2c}
--------------------

All children between 5 and 16 years of age referred to paediatric surgical team for suspected acute appendicitis will be assessed by duty surgical registrar for possible inclusion in the study.

Inclusion criteria {#s2d}
------------------

Patients eligible for the trial must comply with all the following prior to randomisation: Age between 5 and 15 years;Clinical diagnosis by at least one paediatric surgeon of AUA based on a combination of clinical, laboratory and/or imaging findings; that before the study would have led to the decision to recommend appendicectomy.

Exclusion criteria {#s2e}
------------------

Children will be excluded from the study if one or more of the following is assessed to be present by the paediatric surgical team: A diagnosis of perforated or complicated appendicitis (eg, peritonitis, appendiceal mass) is made on the basis of clinical, laboratory and/or imaging findings;Previous non-operative treatment of acute appendicitis;Age younger than 5 years or older than 16 years;Known intolerance or allergy to piperacillin with tazobactam;Known history of inflammatory bowel disease, or other chronic abdominal pain syndrome;Known concurrent significant illness;Unable to obtain informed consent from parents or guardian;Known to have a cognitive impairment, an intellectual disability or mental illness that would impair participation.

Recruitment {#s2f}
-----------

Prior to enrolment and randomisation, eligible children will be approached by one of the investigators or the duty surgical registrar as their delegate. Where possible, the recruiter will not be part of the managing surgical team. The study will be explained to the child and parent/carer and the information sheet provided (see online [supplementary appendix 1](#SM1){ref-type="supplementary-material"}). Informed written consent for participation will be obtained from the parent/carer for those who wish to enrol.
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Retention {#s2g}
---------

The participant\'s free and voluntary involvement will be stressed at the time of recruitment. Where possible, recruitment will be by an investigator who is not part of their clinical care team. The patients will be informed at enrolment that their decision whether or not to take part or continue in the study will not affect the standard and availability of their medical care in any way. The participant and family will also have the contact number of the ethics committee should they have any concerns. There is no proposed payment or reimbursement for participants.

Participants withdrawn from the trial will be excluded from the study. All collected data from these patients will not be in the statistical analyses. The total number of participants withdrawn from the trial will be reported at the end of the study, but all the rest of the data will be kept confidential. Treatment and follow-up will be resumed as treating paediatric surgeon\'s normal practice. Withdrawn participants will be replaced with new recruitment until the target sample size is reached.

Allocation {#s2h}
----------

Opaque envelopes based on a computer-generated randomisation will be used to allocate enrolled patient to treatment groups (OM and NOM). The duty registrar will perform the randomisation. An allocation ratio of 1:1 will be made via weighted minimisation using the following criteria: age (5--8 or 9--16 years), gender (male or female) and duration of symptoms (\<48 or \>48 hours). Patient, family and the treating paediatric surgical team will be informed about randomisation result prior to initiation of treatment. Because of the nature of the interventions being evaluated, there will be no blinding in this study

Participant time line {#s2i}
---------------------

Children allocated to OM may receive preoperative antibiotic prophylaxis as clinically indicated. Appendicectomy will be performed laparoscopically or open, according to the surgeon\'s standard practice. Postoperative antibiotic treatment will be determined on the basis of intraoperative findings in accordance with the institutional practice ([figure 1](#BMJOPEN2016013299F1){ref-type="fig"}, [table 1](#BMJOPEN2016013299TB1){ref-type="table"}). The appendix specimen will be examined by a paediatric pathologist, and the formal histopathology report will be recorded.

###### 

Standard care and additional to standard care procedures

                                                                                                                      
  ------------------------------------------- ----------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------
  Standard care                                                                                                       
   Appendicectomy laparoscopic or open        During admission                                                        Once only
   Preoperative antibiotic                    During admission                                                        Once only
   Postoperative antibiotic                   During admission and/or after discharge                                 As clinically indicated
   Follow-up visit                            4 to 6 weeks after discharge                                            Once only
  Additional to standard care                                                                                         
   Intravenous piperacillin with tazobactam   During admission                                                        100 mg/kg/dose every 8 hours for at least 24 hours up to 48 hours
   Appendicectomy laparoscopic or open        During admission when patient failed to respond to antibiotic therapy   None, or once only
   Oral amoxicillin plus clavulanic acid      On discharge                                                            22.5 mg/kg/dose twice per day to complete a total 7-day course of antibiotics
   Oral ciprofloxacin and metronidazole       On discharge for patient allergic to augmentin                          15 mg/kg/dose two times per day, and 10 mg/kg/dose two times per day, respectively, to complete a total 7-day course of antibiotics
   Telephone interview                        1, 2 weeks, 3, 6 and 12 months after discharge                          5--10 min each interview. 5 times in total

![Study design diagram and participant timeline.](bmjopen2016013299f01){#BMJOPEN2016013299F1}

Children in the NOM group will receive intravenous piperacillin with tazobactam (Tazocin) 100 mg/kg/dose every 8 hours for at least 24 hours. They will be observed and reassessed within 24 hours of randomisation. A further 24 hours of intravenous piperacillin with tazobactam therapy will be offered to children who are no worse but have not improved sufficiently for discharge (eg, ongoing fever or pain). A clinical decision will be made by the attending surgeon to offer OM if a patient\'s condition deteriorates at any time, or if a patient has failed to improve after 48 hours of intravenous antibiotic therapy. Once the patient is clinically improving and tolerating oral intake, the antibiotic regimen will be changed to oral amoxicillin plus clavulanic acid (augmentin) 22.5 mg/kg/dose twice per day to complete a total 7-day course of antibiotics. Oral ciprofloxacin 15 mg/kg/dose two times per day and oral metronidazole 10 mg/kg/dose two times per day will be offered to children who are known to have an intolerance or allergy to amoxicillin or clavulanic acid.

Children who are afebrile for 24 hours, mobile, tolerating a light diet and comfortable on oral analgesia will be fit for discharge. These discharge criteria apply to both groups.

Discharge instructions will advise that children with recurrent symptoms of appendicitis or symptoms of other complications at any time present to the emergency department.

To monitor patients\' progress postdischarge, all participants will be seen in the outpatient clinic at 4--6 weeks after discharge as per standard practice, and a telephone interview will also be conducted at 1, 2 weeks, 3, 6 and 12 months after discharge.

Outcomes {#s3}
========

Primary outcome measures {#s3a}
------------------------

The primary outcome for the study is the treatment efficacy for NOM and OM in AUA based on the following within 30 days of randomisation: Unplanned or unnecessary operation within 30 days of randomisation. An unplanned operation is defined as an operation that occurs in a child that has completed randomisation and was allocated to the NOM group, or required an additional operation after initial appendicectomy in the OM group.An unnecessary operation within 30 days of randomisation is defined as an operation (appendicectomy) that occurs in a child whose appendix does not show histological evidence of inflammation. This applies whether the appendicectomy is conducted as the initial operation in the group randomly allocated to surgery or whether it is a subsequent operation in the group initially allocated to no surgery.This outcome is designed to account for the negative appendicectomy rate and extra operations that may occur in the OM group, as well as operations that occur in children that 'fail' NOM, all of which are accounted for in the non-inferiority calculation.Complications, including any of the following within 30 days of randomisation:

Structural problems: Appendiceal perforationBowel adhesionsBowel obstruction

Infections: Surgical site infection(s)PeritonitisAbscess or phlegmon formationSepsis

Secondary outcome measures {#s3b}
--------------------------

The secondary outcomes for this study are: Unplanned or unnecessary operation, or complications (as stated above) at 6 and 12 months postrandomisation.Length of primary hospital stay from time of randomisation to discharge in hours.Treatment-related complications.Readmission and emergency department presentation within 12 months.Cost of treatment in dollars---calculated at 1-year postrandomisation. It will be based on fees registered in Medicare Benefits Schedule (MBS), Pharmaceutical Benefits Scheme (PBS) and institution standard predetermined admission costing. It is calculated as a fee per day of inhospital care, a fee for use of the operating theatre, the cost of a course of intravenous and oral antibiotics and the cost for total analgesic use. Cost for any additional admission will be calculated the same way when it is applicable.Days before return to school from time of randomisation.Days before return to normal activities from time of randomisation.Total analgesia requirement (types, routes and mg/kg).Antibiotic-associated side effects (eg, rash, vomiting, diarrhoea or colitis).Clinical outcomes of imaging-confirmed versus other suspected appendicitis in each group.

Sample size based on the reported postappendicectomy complication rate of 1.9--8.8%[@R3] [@R4] and negative appendicectomy rate of 6--15%,[@R6] [@R7] we would expect a treatment efficacy of 90% in the control OM group. Based on the reported treatment efficacy of 63--73%[@R15] [@R19] in adults treated with NOM and 58--100% in children,[@R20] we would expect a possible difference of treatment efficacy between the control and treatment group to be between 15% and 25%. Thus, the failure rate in the OM group is assumed to be 10% and a failure rate of 25% or more in the antibiotic group would be considered unacceptably high. For the non-inferiority study, the null hypothesis is that the antibiotic treatment is inferior and we wish to have an 80% power at 5% significance to rule out inferiority if the failure rate difference is 15% or lower (assuming the stated estimate of 10% failure rate in the surgery group). This requires a sample size of ∼80 per group; however, we plan to recruit 110 patients per group to allow for up to 25% loss to follow-up. Each study site treats ∼300 cases of appendicitis each year (600 in total) of which ∼60% will be uncomplicated, resulting in a total of 360 eligible cases. Patient enrolment started in June 2016, and assuming a recruitment rate of 30%, we would recruit 110 per annum, thus aiming to recruit over a period of 2--3 years.

Data collection methods {#s3c}
-----------------------

The study will use the web-based application Research Electronic Data Capture (REDCap)[@R34] to record outcome variables for inpatient events, follow-up telephone calls and clinic visits. Data will be entered each day by the treating team and checked for completion and accuracy by one of the investigators. Data will then be entered in to an excel spread sheet and accuracy checked by two investigators.

Data management {#s3d}
---------------

The hard copies will be stored securely in a locked office and the soft copies on a password-protected REDCap database.

Statistical methods {#s3e}
-------------------

The main analyses will be based on the intention-to-treat principle, but intention-to-treat and per-protocol analyses will be performed. The intention-to-treat population will include all randomised participants who start on a treatment, excluding consent withdrawals. The per-protocol population will include all participants who complete the study at 1-year follow-up. A non-inferiority analysis will be performed to compare the primary and secondary outcomes. Based on current adult literature, the treatment efficacy difference between operative and non-operative treatment is about 25--35%.[@R11] The most recent RCT in adults used 25% as its non-inferiority margin.[@R19] In children, a 10% failure rate of NOM has been noted in the pilot study.[@R20] Thus, a non-inferiority margin of 15% will be used in this study.

Categorical variables will be characterised using frequencies and percentages. Statistical significance for categorical data will be tested using the Pearson χ^2^ test. Continuous variables will be characterised as means and SDs or medians and IQR for non-parametric data. Differences between groups for normally distributed variables will be tested using the independent sample t-test. The Mann-Whitney test will be used for variables not normally distributed. Non-inferiority for NOM will be tested using the one-sided Wald tests with an α level of 0.05. Statistical analyses will be performed using the SPSS Statistics Program.

The predetermined power (1--β) is 80% for this study.

The total number of consent withdrawals from the study after randomisation will be reported but will be excluded from the final analysis.

Monitoring {#s4}
==========

Interim analysis, auditing, harms and adverse event reporting {#s4a}
-------------------------------------------------------------

Monitoring for safety will occur to detect any unacceptably high levels of complications or adverse events. Primarily, this is to monitor the occurrence of progress to complicated appendicitis in the intervention (NOM) arm, but other adverse events will also be monitored. To do this, a formal independent modified Data and Safety Monitoring Board (DMSB) will be convened for the study.

The DMSB will consist of three senior clinicians---one paediatrician, one surgeon and one infectious diseases specialist---none of whom are involved in recruitment or as investigators. Ad hoc specialists may be invited by the DSMB to participate as non-voting members at any time if additional expertise is desired. The chief investigator will provide the DSMB with: Interim/cumulative data from each centre;Recruitment and retention rates;Any protocol violations;Any adverse events and other unintended effects of the trial.

The DSMB will look at ongoing issues of participant recruitment, conduct of the trial and safety of participants and alert the investigators of concerns. Once assembled, the DSMB will revise their guidelines early in the study and they are at liberty to request additional information beyond what is described in the protocol at any time throughout the study.

The DMSB will be convened prior to the first recruitment and meet regularly throughout the trial.

The main perceived concern in this study is the potential increased risk of perforated appendicitis developing in patients in the NOM group. Other potential adverse events include prolonged hospital stay, operative complications, recurrent appendicitis, pain issues and antibiotic complications. Other adverse events unrelated to the trial may occur as is the case with any clinical situation. In order to minimise these risks, the protocol requires close clinical monitoring while in hospital, with clear criteria for cross over to OM in the NOM group. Other clinical issues that may arise will be monitored and managed by the treating team as is usual practice. Patients will be discharged with clear instructions on when to seek further medical attention. In addition, the planned telephone and clinic follow-up will actively seek information about complications or adverse events which will be managed as per usual clinical practice.

The investigating team will monitor the study progress, including adverse events with monthly meetings. The proceeds of these meetings will be provided to the DSMB along with a specific report on complications and adverse events experienced. Any interim serious adverse events reported spontaneously by the participant or observed by the investigators or staff will be documented and reported immediately to the chief investigator, who will inform the DSMB within 24 hours. Any concerns of the DMSB will be immediately discussed with the investigators, and reported directly to the Human Research Ethics Committee (HREC). The board may recommend trial termination or suspension pending an HREC review.

Dissemination {#s5}
=============

Protocol amendments {#s5a}
-------------------

Protocol amendments will be requested through the SCHN HREC. These changes will be communicated to the DSMB. Any material difference this makes to the participants in terms of what is required of them or what is consented to will be communicated to them with renewed consent sought where appropriate. Trial registries will be updated and material amendments noted in any subsequent publications.

Confidentiality {#s5b}
---------------

Hard copies of trial documentation, consent and data will be kept in a locked hospital office. Computer records will be kept on password-protected firewalled hospital servers. Data will be deidentified by using a master sheet that records name and MRN and study number. The data collection sheet will only contain study number as an identifier. The master sheet will be stored separately as a separate computer file or as a separate hard copy in a separate filing cabinet. In accordance with the HREC requirements for clinical trials on children, all information will be securely archived at the completion date for 15 years or until the youngest participant turns 25 years, whichever is latest. For disposal, paper-based information will be securely shredded. Computer-based information will be securely deleted.

No extra bloods or tissue samples will be stored beyond that required for usual clinical care. Nor will any videos, photographs or images will be collected from patients.

Ancillary and post-trial care {#s5c}
-----------------------------

Any post-trial care required will be provided by the admitting surgeon.

Dissemination policy {#s5d}
--------------------

The trial is registered on ClinicalTrials.gov and ANZCTR, both of which have open access. The participant information includes a flow sheet that summarises the study plan. The study findings will be presented in a report which will be submitted for publication in a relevant peer-reviewed journal to ensure dissemination to relevant healthcare professionals. Findings may also be submitted for presentation at local meetings or conferences. The final report will be made available to trial participants via the investigators. The participant-level data set may be made available for meta-analyses pending relevant HREC approval.

Expected outcomes and significance of the research project {#s6}
==========================================================

This project will be the first Australian study comparing NOM with OM for AUA in the paediatric setting, in addition to one of the first well-designed RCTs in this area. This study and its findings will provide essential information on the utility of NOM in children with AUA, and yields potential benefits for the wider community as well. These include decreased total treatment cost, shortened length of hospital stay, reduced days of sick leave for participants and carer leave as well as a non-inferior alternative option for those unfit for surgery. The potential for avoiding an operation also includes reduced degree and duration of pain, reduced rate of complications from an appendicectomy, reduced negative appendicectomy rate, expedited return to school and other normal activities.
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